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METHOD OF FABRICATING SELF-ALIGNED 
CONTACT PAD USING CHEMICAL 

MECHANICAL POLISHING PROCESS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

This application claims the bene?t of Korean Patent Appli 
cation No. 10-2005-0090761, ?led on Sep. 28, 2005, the 
disclosure of Which is hereby incorporated by reference 
herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present disclosure relates to a method of fabricating a 

semiconductor device, and more particularly, to a method of 
fabricating a self-aligned contact (SAC) pad using a chemical 
mechanical polishing (CMP) process. 

2. Description of the Related Art 
As semiconductor devices have become highly integrated 

and design rules have become stricter, obtaining a su?icient 
process margin is regarded as a signi?cant factor When form 
ing contact pads to connect transistors to lines such as bit lines 
or transistors to capacitors. Accordingly, forming a self 
aligned contact (SAC) pad self-aligned With a line such as a 
gate line becomes signi?cant. 

For example in forming a conventional SAC pad, a capping 
layer of a line and a spacer serve as an etch stop layer When 
forming an opening hole for a contact pad to pass through an 
insulation layer, such that the opening hole can be self 
aligned With the line. Moreover, as a photoresist mask having 
an opening region larger than that of the opening hole can be 
used as an etching mask, a more suf?cient process margin of 
a photolithography process can be obtained. 

HoWever, as the design rules of semiconductor devices 
have been signi?cantly reduced, there is a demand for an 
improved method for obtaining a suf?cient process margin 
for a photolithography process When forming a photoresist 
mask. 

Moreover, When forming a conductive layer that ?lls the 
opening hole and forming each SAC pad, the resulting struc 
ture having the SAC pad has a more planariZed surface by 
using a chemical mechanical polishing (CMP) process as a 
SAC pad node separation method. Furthermore, a subsequent 
process can be performed on the more planariZed surface such 
that a suf?cient process margin for the subsequent photoli 
thography process can be obtained. 

Also, during a conventional SAC pad process, the separat 
ing of the SAC pad using a CMP process is used to overcome 
the limitation of the design rules. Additionally, detecting an 
end point of a CMP process becomes signi?cant for accu 
rately controlling the CMP process. 

HoWever, a dif?culty With conventional SAC pad process, 
may be that When selectively etching an opening hole during 
the SAC pad process, a capping layer for a line and/or a spacer 
for an etch stop layer can be unnecessarily removed. There 
fore, the detection of the end point of the CMP process 
becomes more dif?cult. 

For example, the thickness of a capping layer in a region 
that is covered by a photoresist mask used for an etching mask 
When etching the opening hole can be different from the 
thickness of a remaining capping layer in a region that is 
uncovered by a photoresist mask. The covered capping layer 
is undesirably etched during the CMP process. Consequently, 
as the thickness of the capping layer beloW the conductive 
layer for the SAC node varies according to a region, the height 
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2 
of the capping layer is varied When using the capping layer as 
an end point of the CMP process. Therefore, With the above 
conventional SAC pad process, the accurate detection of the 
end point becomes more dif?cult, and thus it may also be 
dif?cult to achieve reliable node separation. 

Consequently, as a result of the above-mentioned dif?culty 
of a conventional SAC pad process in detecting a CMP end 
point, after a CMP process, a local height difference can occur 
betWeen the region Where the SAC pad is formed and the 
region Where the SAC pad is not formed. The height differ 
ence can be a factor that limits the process margin of the 
folloWing photography process. 

Moreover, When the CMP end point is not detected accu 
rately, a relatively large number of methods of performing a 
CMP process may be required to obtain reliable node sepa 
ration. These additional CMP processes can damage the cap 
ping layer and the spacer. 
The above-mentioned damage to the capping layer and/or 

spacer may cause the thickness of the capping layer and/ or the 
spacer that protect lines to decrease (eg a shoulder margin 
de?ciency phenomena occurs), thereby resulting in an elec 
trical short occurring betWeen a ?rst line (e. g., a gate line) that 
should be protected by the capping layer and the spacer, and 
a second line (e.g., a bit line) that is electrically connected to 
the SAC pad. 

Accordingly, to prevent electrical shorts and a local height 
difference, a method of stably and accurately detecting the 
CMP end point should be utiliZed during node separation in 
the SAC pad process using a CMP process. 

Thus, there is a need for a method of fabricating a self 
aligned contact (SAC) pad of a semiconductor device, Which 
obtains an improved process margin for a photolithography 
process that is used to form an opening hole for a SAC pad, 
and Which may stably detect a chemical mechanical polishing 
(CMP) end point. 

SUMMARY OF THE INVENTION 

The present invention provides a method of fabricating a 
self-aligned contact (SAC) pad of a semiconductor device, 
thereby obtaining improved process margin for a photolithog 
raphy process that is used to form an opening hole for a SAC 
pad, and stably detecting a chemical mechanical polishing 
(CMP) end point. 
According to an exemplary embodiment of the present 

invention, a method of fabricating a SAC (self-aligned con 
tact) pad is provided. The method includes forming stacks of 
a conductive line and a capping layer on a semiconductor 
substrate, spacers covering sideWalls of the stacks, and an 
insulation layer ?lling gaps betWeen the stacks and exposing 
the top of the capping layer, etching the capping layer to form 
damascene grooves, forming a plurality of ?rst etching masks 
With a material different from that of the capping layer to ?ll 
the damascene grooves Without covering the top of the insu 
lation layer, and forming a second etching mask having an 
opening region that exposes some of the ?rst etching masks 
and a portion of the insulation layer located betWeen the ?rst 
etching masks. The method further includes etching the por 
tion of the insulation layer exposed by the opening region 
using the ?rst and second etching masks to form a plurality of 
opening holes, removing the second etching mask, forming a 
conductive layer ?lling the opening holes to cover the remain 
ing ?rst etching masks and performing a chemical mechani 
cal polishing (CMP) process on the conductive layer using the 
capping layer as a polishing end point to remove the ?rst 
etching masks such that a plurality of SAC pads separated 
from each other are formed that ?ll the opening holes. 
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According to an exemplary of the present invention, a 
method of fabricating a SAC (self-aligned contact) pad is 
provided. The method includes forming a layer for a gate line 
on a semiconductor substrate together With a gate dielectric 
layer, forming a capping layer on the layer for the gate line, 
etching the capping layer and the layer for the gate line to 
form stacks of the gate line and the capping layer, forming 
spacers to cover sideWalls of the stacks, forming an insulation 
layer ?lling gaps betWeen the stacks, performing a CMP 
process on the insulation layer using the capping layer as a 
polishing end point, partially etching the exposed capping 
layer to form damascene grooves, forming a layer for a plu 
rality of ?rst etching masks ?lling the damascene grooves, 
and the layer is formed of a material different from that of the 
capping layer. The method further includes performing a 
CMP process on the layer for the ?rst etching masks to expose 
the top of the insulation layer such that the ?rst etching masks 
?lling the damascene grooves are formed, forming a second 
etching mask having an opening region that exposes some of 
the ?rst etching masks and a portion of the insulation layer 
located betWeen the ?rst etching masks, etching the insulation 
layer exposed by the opening region using the ?rst and second 
etching masks to form a plurality of opening holes, removing 
the second etching mask, forming a conductive layer ?lling 
the opening holes to cover the remaining ?rst etching masks 
and performing a chemical mechanical polishing (CMP) pro 
cess on the conductive layer using the capping layer as a 
polishing end point to remove the ?rst etching masks such 
that a plurality of SAC pads separated from each other are 
formed that ?ll the opening holes. 

The method further may include: forming a layer for a gate 
line on the semiconductor substrate together With a gate 
dielectric layer before the forming of the layer for the gate 
line, forming a gate capping layer on the layer for the gate 
line, selectively etching the gate capping layer and the layer 
for the gate line to form gate stacks of the gate line and the 
gate capping layer, forming a gate spacer to cover sideWalls of 
the gate stacks, forming a ?rst insulation layer to ?ll gaps 
betWeen the gate stacks, performing a CMP process on the 
?rst insulation layer using the gate capping layer as a polish 
ing endpoint, partially etching the exposed gate capping layer 
to form second damascene grooves, forming a layer for a 
plurality of third etching masks ?lling the second damascene 
grooves, the layer formed of a material different from that of 
the gate capping layer, forming the third etching masks ?lling 
the second damascene grooves by performing a CMP process 
on the layer for the third etching masks to expose the top of the 
?rst insulation layer, forming a fourth etching mask having an 
opening region that is disposed over the third etching masks 
and the exposed ?rst insulation layer, forming a plurality of 
second opening holes in the opening region by using the 
fourth etching mask and the third etching masks to prevent a 
portion therebeloW from being etched and selectively etching 
the ?rst insulation layer that is exposed to the opening region, 
removing the fourth etching mask, forming the second con 
ductive layer ?lling the second opening holes to cover the 
remaining third etching masks, using the gate capping layer 
as a polishing end point to perform a CMP process on the 
second conductive layer and to remove the remaining third 
etching masks during the CMP process such that a plurality of 
second SAC pads separated from each other are formed ?lling 
the second opening holes and forming a second insulation 
layer covering the second SAC pads beloW the insulation 
layer. The second opening holes penetrate the second insula 
tion layer and expose the top of the second SAC pads. 

The capping layer may include an insulation material hav 
ing an etching selectivity With respect to the insulation layer. 
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4 
The capping layer may be formed to include a silicon 

nitride. 
The spacer may be formed to include an insulation material 

identical to that of the capping layer. 
The forming of the damascene groove may include selec 

tively Wet-etching or dry-etching the capping layer With 
respect to the insulation layer. 

The selective etching of the capping layer may include 
etching the top of the spacer to expand the Width of the 
damascene grooves. 
The method further may include additionally etching side 

Walls of the insulation layer that are exposed to the opening 
region to expand the damascene grooves after the etching of 
the capping layer. 
The ?rst etching mask may be formed to include a layer 

having an etching selectivity With respect to the insulation 
layer. 
The ?rst etching masks may be formed to include a layer 

having a CMP selectivity With respect to the capping layer. 
The ?rst etching mask may be formed to comprise a layer 

having a CMP rate identical or greater than that of the con 
ductive layer. 
The ?rst etching mask may be formed to include a poly 

silicon layer. 
The ?rst etching masks may be formed of one selected 

from the group consisting of a tungsten layer, an aluminum 
layer, and a ruthenium layer. 
The ?rst etching mask may be formed to include a material 

identical to that of the conductive layer. 
The forming of the ?rst etching mask may include: forming 

a mask layer ?lling the damascene groove and extending 
toWard the insulation layer and performing a CMP process on 
the mask layer to expose the top of the insulation layer. 
The second etching mask may be formed into a photoresist 

pattern including the opening region having a Width suf?cient 
to cover at least tWo conductive lines and the insulation layer 
therebetWeen. 

According to exemplary embodiments of the present 
invention, an improved process margin for a photolithogra 
phy process can be obtained more When forming an opening 
hole for the SAC pad. Moreover, With exemplary embodi 
ments of the present invention, a polishing end point can be 
more accurately detected during a CMP process for SAC pad 
node separation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the present invention can be 
understood in more detail from the folloWing description 
taken in conjunction With the accompanying draWings, in 
Which: 

FIGS. 1 through 10 are perspective vieWs illustrating a 
method of fabricating a SAC pad according to a ?rst exem 
plary embodiment of the present invention; 

FIG. 11 is a sectional vieW of a comparative example 
illustrating an effectiveness of a method of fabricating a SAC 
pad according to an exemplary embodiment of the present 
invention; 

FIG. 12 is a graph illustrating a local height difference 
generated from the comparative example of FIG. 11 after a 
CMP process; and 

FIGS. 13 through 18 are sectional vieWs illustrating a 
method of fabricating a SAC pad according to a second exem 
plary embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

The present invention Will noW be described more fully 
With reference to the accompanying drawings, in Which 
exemplary embodiments of the invention are shoWn. The 
invention may, hoWever, be embodied in many different 
forms and should not be construed as being limited to the 
exemplary embodiments set forth herein. 
When forming a self-aligned contact (SAC) pad, a chemi 

cal mechanical polishing (CMP) process is performed for 
node separation. According to an exemplary embodiment of 
the present invention, a capping layer is used as a polishing 
completion layer to detect a CMP end point. 

At this point, to make the capping layer in identical thick 
nesses and/ or identical top surface heights, an additional etch 
ing mask is used to prevent the capping layer from being 
etched When etching an opening hole for the SAC pad. The 
etching mask is formed on the capping layer and/or beloW the 
line in an aligned pattern such that the opening hole is self 
aligned on the line. 
On the other hand, the etching mask may be formed of 

material that can be polished at the same time When polishing 
a conductive layer for the SAC pad during a CMP process, 
Which is used in a node separation process of the SAC pad. 
Accordingly, the capping layer beloW the etching mask may 
be formed of a polishing completion layer that is used to 
detect a polishing end point during a CMP process. 

In exemplary embodiments of the present invention, When 
forming the opening hole for the SAC pad, an etching mask 
and the SAC CMP completion layer are formed of respec 
tively different thin layers such that an independent CMP 
process can be performed on each SAC CMP process. 

The capping layer used as a polishing completion layer 
during a CMP process is not damaged during an etching 
process before the CMP process, and thus the thickness and/ 
or surface height of the capping layer are/is unchanged. 
Therefore, a CMP process can be accurately performed on the 
capping layer. For example, because of signal differences 
betWeen respectively different thin layers such as the capping 
layer and the conductive layer (or, an etching mask), the 
polishing end point detection can be possible by detecting a 
material that constitutes the capping layer during the CMP 
process. Moreover, measuring the thickness of the capping 
layer after the CMP process can predict an amount of polish 
ing and the thickness of the capping layer in a chip such that 
monitoring is possible after a SAC CMP process. 
As the etching mask is removed together With the conduc 

tive layer during the CMP process, a local height difference 
on the resulting structure after the CMP process can be pre 
vented. Accordingly, the surface of the resulting structure 
after forming the SAC pad is more planariZed due to the CMP 
process such that a su?icient process margin for the photoli 
thography process is obtained. 

FIGS. 1 through 10 are perspective vieWs illustrating a 
method of fabricating a SAC pad according to a ?rst exem 
plary embodiment of the present invention. 

Referring to FIG. 1, a plurality of gate lines 300 are formed 
on a semiconductor substrate 100. More speci?cally, a device 
isolation region 150 de?ning an active region is formed on the 
semiconductor substrate 100. The device isolation region 150 
can be formed, for example, using a shalloW trench isolation 
(STI) method. 

Next, a gate dielectric layer 200 including a silicon oxide 
layer is formed on the semiconductor substrate 100, and then 
a conductive layer for the gate lines 300 is formed on the gate 
dielectric layer 200. To improve the conductivity of the gate 
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6 
dielectric layer 200, the conductive layer can be a multiple 
layer structure of a ?rst conductive layer 310 of a conductive 
poly-silicon material, and a second conductive layer 330 of a 
metal silicide. 

Moreover, before forming the ?rst and second conductive 
layers 310 and 330 for the gate lines 300, a recess trench 103 
for a recess channel structure can be formed in the active 
region of the semiconductor substrate 100 to obtain the chan 
nel length of a transistor. In the recess channel structure, the 
gate dielectric layer 200 is formed in the recess trench 103, 
and the ?rst and second conductive layers 310 and 330 for the 
gate lines 300 can be formed to ?ll the recess trench 103. 

An insulation layer for a capping layer 350 is formed on the 
?rst and second conductive layers 310 and 330 to cover and 
protect the top portion of the gate lines 300. The thickness of 
the capping layer 350 varies according to the thickness of the 
gate line 3 00, or can be predetermined by considering the role 
of a CMP polishing completion layer in the folloWing SAC 
pad process. For example, the thickness of the capping layer 
350 can be about 1500 to about 2000 angstroms (A). 
The capping layer 350 can be formed of various insulation 

materials to protect and insulate the gate lines 300. The cap 
ping layer 350 can be used as a polishing completion layer in 
the CMP process that separates nodes of SAC pads and may 
be formed of an insulation material having a polishing selec 
tivity to a conductive material constituting the SAC pads. 
That is, the capping layer 350 may be formed of an insulation 
material that has a suf?ciently loWer polishing rate than the 
conductive material of the SAC pad to be used as a polishing 
completion layer. Moreover, the capping layer 350 may be 
formed of an insulation material having an etching selectivity 
to an insulation layer ?lling gap betWeen the gate lines 300. 
The insulation material can be, for example, a silicon nitride. 

After depositing the ?rst and second conductive layers 310 
and 330 and the capping layer 350, the gate lines 300 and the 
capping layer 350 aligned on the gate lines 300 are patterned 
using a selective etching process. 

Next, spacers 370 are formed to cover and protect sideWalls 
of the gate lines 300 and the capping layer 350 using a spacer 
process. The spacers 370 protect the gate lines 300 from being 
etched during an etching process that forms an opening hole 
in the folloWing SAC pad formation process. Accordingly, the 
spacers 370 can be formed of an insulation material (e. g., 
silicon nitride) having an etching selectivity to an insulation 
layer (e.g., a silicon oxide layer) in Which the opening hole is 
formed. 

Referring to FIG. 2, an insulation layer 400 is formed to ?ll 
the gap betWeen the gate lines 300. More speci?cally, the 
insulation layer 400 (e.g., a silicon oxide layer) is deposited 
on the capping layer 350 to ?ll the gap betWeen the gate lines 
300. Then, the insulation layer 400 may be planariZed using a 
?rst CMP process. The ?rst CMP process is performed using 
the capping layer 350 as a polishing completion layer. 
Accordingly, the top surface of the capping layer 350 can be 
exposed When polishing the surface of the insulation layer 
400. 

Referring to FIG. 3, using the etching selectivity betWeen 
the insulation layer 400 and the capping layer 350, a selective 
etching process is performed on the surface of the capping 
layer 350 that is exposed by the ?rst CMP process. This 
selective etching process is performed to selectively remove 
the top portion of the capping layer 350. This etching process 
has a relatively excellent etching rate for the silicon nitride of 
the capping layer 350, and a relatively loW etching rate for the 
silicon oxide of the insulation layer 400. The etching process 
can be a Wet etching process or a dry etching process. 
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Damascene grooves 501 having the insulation layer 400 as 
sidewalls and extending along the gate lines 300 are formed 
on the top of a capping layer 351 that is etched by selectively 
etching the capping layer 350. The depth of the damascene 
grooves 501 can be predetermined based upon the thickness 
of an etching mask that ?lls the damascene grooves 501 in the 
folloWing process. The thickness of the etching mask depends 
on a thickness that is required in an etching process of form 
ing an opening hole for the folloWing SAC pad. Thus, the 
depth of the damascene grooves 501 (e. g., an etching amount 
of the capping layer 350) can be predetermined using the 
thickness of the etching mask. 

On the other hand, during the selective etching of the 
capping layer 350, the spacers 370 formed of material desir 
ably identical to that of the capping layer 350, and the top of 
the spacers 370 can be etched simultaneously. Additionally, 
after the selective etching of the capping layer 350, the Width 
of the damascene grooves 501 is expanded by partially etch 
ing sideWalls of the insulation layer 400 constituting the 
damascene grooves 501. In these etching processes, the 
damascene grooves 501 can be expanded or an entrance shape 
of the damascene grooves 501 can be improved. 

As the Width of the damascene grooves 501 can be adjusted 
by the additional etching processes, the Width of the etching 
mask formed to ?ll the damascene grooves 501 can be 
adjusted. When the Width of the etching mask is greater than 
that of the capping layer 351 and/or the spacers 370, it is 
possible to effectively prevent the capping layer 351 and/or 
the spacers 370 from being damaged in the folloWing etching 
process. 

Referring to FIG. 4, an etching mask layer 500 of an insu 
lation material that ?lls the damascene grooves 501 is formed 
on the insulation layer 400. The etching mask layer 500 may 
be formed of material that can be polished together With the 
conductive layer for the SAC pad during a CMP process for 
the folloWing SAC pad node separation. Moreover, the etch 
ing mask layer 500 can be formed of material having an 
etching selectivity to the insulation layer 400 so as to be used 
as an etching mask during an opening hole etching process for 
the SAC pad. 

For example, the etching mask layer 500 can be formed of, 
for example, a polysilicon material having an etching selec 
tivity identical or higher than that of silicon nitride having a 
relatively high etching selectivity to a silicon oxide constitut 
ing the insulating layer 400. Additionally, the etching mask 
layer 500 can be formed of, for example, a metal such as 
tungsten, aluminum, or ruthenium, Which has a relatively 
high etching selectivity to silicon oxide. Moreover, the etch 
ing mask layer 500 can also comprise an anti-re?ective coat 
ing (ARC) material. 

Those etching mask layers 500 can have an etching selec 
tivity to a silicon oxide and a CMP polishing rate equal to that 
of materials such as, for example, conductive polysilicon or 
tungsten. Accordingly, the etching mask layer 500 can be 
removed together With the conductive layer in a CMP process 
that is used for the SAC pad node separation. 

Referring to FIG. 5, an etching mask 510 is formed to ?ll 
the damascene grooves 501 and to cover the top of the etched 
capping layer 351 by performing a second CMP to planariZe 
the etching mask layer 500. At this point, the second CMP 
process may be performed to expose the top of the insulation 
layer 400. The second CMP process can be performed using 
a polishing slurry that can embody a relatively higher polish 
ing rate of a material constituting the etching mask layer 500 
than a silicon oxide constituting the insulation layer 400. The 
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8 
etching mask 510 is patterned to cover the top of the spacers 
370 adjacent to the capping layer 351 that is etched using 
those planariZing processes. 

Referring to FIG. 6, a photoresist pattern is formed as a 
second etching mask to selectively etch a portion of the insu 
lation layer 400 that is exposed betWeen the etching mask 
510. The photoresist pattern includes an opening region 601 
that is used to selectively etch a portion of the insulation layer 
400 ?lling the gap betWeen the gate lines 300. 

To obtain a photolithography process margin When form 
ing the photoresist pattern, the opening region 601 is disposed 
on a plurality of gate lines 300. Accordingly, the opening 
region 601 is disposed on a plurality of etching masks 510 and 
an insulation layer betWeen the etching masks 510. 
As the opening region 601 is actually set to be broader than 

the gap betWeen the gate lines 300, the photolithography 
process margin can be more easily obtained. An opening 
groove smaller than the limitation of the photolithography 
process can be formed for the SAC pad. 
As the opening region 601 of the photoresist pattern is 

formed over the plurality of gate lines 300, the actual etching 
mask in the etching process that forms the opening hole for 
the SAC pad is a combination of a second etching mask of the 
photoresist pattern 600 and the ?rst etching mask of the 
etching mask 510 exposed to the opening region 601. 

Referring to FIG. 7, the insulation layer 400 exposed by the 
?rst etching mask 510 and the second etching mask 600 is 
selectively etched to form a plurality opening holes 640 that 
exposes a portion of the semiconductor substrate 100 beloW 
the gap betWeen the gate lines 300. 
As the opening region 601 of the photoresist pattern in the 

second etching mask 600 exposes the insulation layer 400 
betWeen the plurality of ?rst etching masks 510, the opening 
holes 640 are formed simultaneously betWeen the gate lines 
300. Accordingly, as the ?rst etching mask 510 is aligned on 
the gate lines 300, the opening holes 640 are aligned on the 
gate lines 300. The spacers 370 of the gate lines 300 form 
sideWalls of the opening holes 640, and the insulation layer 
400 forms the rest of sideWalls of the opening holes 640. 

FIG. 8 is a vieW of When the second etching mask 600 of the 
photoresist pattern is removed. Some of the ?rst etching 
masks 510 are exposed by the opening region 601 during the 
selective etching process (the exposed ?rst etching mask Will 
noW be denoted by reference numeral 511). The exposed ?rst 
etching masks 511 prevent the capping layer 351 from being 
etched. HoWever, a portion of the thickness of the etching 
mask 511 can be reduced during an etching process. Accord 
ingly, the thickness of the exposed ?rst etching masks 511 can 
be smaller than the other ?rst etching masks 510 covered by 
the second etching mask 600 of the photoresist pattern. 

Referring to FIG. 9, a conductive layer 700 for the SAC 
contact pad ?lling the opening holes 640 is deposited to cover 
the ?rst etching masks 510 including the exposed ?rst etching 
mask 511 and the insulation layer 400 exposed by removing 
the second etching mask 600. The conductive layer 700 can 
be a conductive polysilicon layer. Additionally, the conduc 
tive layer 700 can include, for example, a metal such as 
tungsten. 

Referring to FIG. 10, the conductive layer 700 is polished 
and planariZed using a planariZation process such as a third 
CMP process. At this point, a polishing completion of the 
third CMP process is accomplished using the capping layer 
351 as a polishing end point layer. The third CMP process is 
performed using a polishing slurry that can embody a rela 
tively loW etching rate in the capping layer 351 and a rela 
tively high etching rate in the conductive layer 700. 
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The third CMP process is performed to remove the ?rst 
etching masks 510, 511 below the conductive layer 700 
together With the conductive layer 700. The ?rst etching 
masks 510 and 511 are formed of material having an identical 
or relatively higher polishing rate than the conductive layer 
700 for the SAC pad. Although the ?rst etching mask 510, 511 
have different thicknesses, the polishing may performed until 
the ?rst etching masks 510 and 511 are completely removed 
as the capping layer 351 serves as the polishing completion 
layer to stop the CMP polishing process. 

Accordingly, detecting a polishing end point can be accu 
rately performed using a detect signal difference betWeen 
various thin layers. For example, the point When a signal for 
a silicon nitride constituting the capping layer 351 is detected 
and the point When a signal for a polysilicon material consti 
tuting the ?rst etching masks 510 and 511 is not detected can 
be used as a polishing end point. 

During the third CMP process, a portion of the insulation 
layer 400 is removed together With the conductive layer 700, 
and the ?rst etching masks 510 and 511. Accordingly, a plu 
rality of SAC pads 710 may be formed on a plurality of 
positions at one time. The SAC pad 710 ?lls the opening hole 
640 to be self-aligned on the gate line 300. At this time, as the 
polishing end point can be accurately detected, the third CMP 
process can be accurately performed on the capping layer 
351. As the third CMP process is performed on the capping 
layer 351 beloW the ?rst etching masks 510 and 511, the node 
separation of the SAC pad 710 can be performed more accu 
rately. Therefore, the reliability for the node separation can 
increase. 

Moreover, as the capping layer 351 is used as a polishing 
completion layer to stop performing an etching process, the 
capping layers 351 have the same surface height after the third 
CMP process. Thus, because of the third CMP, the surface 
heights of the capping layer 351, the SAC pad 710, and the 
remaining insulation layer actually become identical. Thus, 
the resulting structure after the third CMP process is pla 
nariZed such that a local height difference can be prevented. 

Moreover, as the third CMP process is performed to have 
an etching selectivity With respect to the capping layer 351, 
the loss of the capping layer 351 can be effectively prevented. 
Additionally, the loss of the spacers 370 that are formed of an 
insulation material identical to the capping layer 351 can be 
prevented. Accordingly, as the su?icient thicknesses of the 
capping layer 351 and/ or the spacers 370 remain on the gate 
lines 300, electrical shorts betWeen the gate lines 300 and bit 
lines on the gate lines 300 can be effectively prevented. 
On the other hand, as the third CMP process terminates on 

the capping layer 351, it is possible to predict the polishing 
amount of the third CMP process by only measuring the 
thickness of the remaining capping layer 351 after the third 
CMP process. Additionally, during the third CMP process, it 
is possible to predict the remaining thickness of the capping 
layer 351. That is, it is possible to monitor a CMP character 
istic after performing the third CMP process for the SAC pad 
71 0. 

The effectiveness according to the ?rst exemplary embodi 
ment of the present invention can be clearly illustrated When 
compared to the SAC formation process Without using the 
?rst etching mask 510. 

FIG. 11 is a sectional vieW of a comparative example 
illustrating an effectiveness of a method of fabricating a SAC 
pad according to an exemplary embodiment of the present 
invention. FIG. 12 is a graph illustrating a local height differ 
ence generated from the comparative example of FIG. 11 
after a CMP process. 
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Referring to FIG. 11, unlike the ?rst exemplary embodi 

ment of FIGS. 1 through 10, a capping layer 35 is used as a 
polishing end point in the CMP process for the SAC pad 51 
Without a ?rst etching mask 510. 
More speci?cally, a method of fabricating the SAC pad 51 

according to a comparative example includes forming a 
device isolation region 15 on a semiconductor substrate 10, 
and forming a plurality of gate lines 30 having ?rst and 
second conductive layers 31 and 33 on a gate dielectric layer 
20, and stacks of the capping layer 35. 

After forming spacers 37 on sideWalls of the stacks and an 
insulation layer 40 ?lling the gaps betWeen the gate lines 30, 
as illustrated in FIG. 1, an opening hole can be formed by 
using the photoresist pattern having the opening region 601 of 
FIG. 6 as a second etching mask 600. At this point, unlike the 
?rst exemplary embodiment, the opening hole is formed in 
the gap betWeen the gate lines 30 by using the capping layer 
35 as another ?rst etching mask. HoWever, When forming the 
opening hole during an etching process, a portion of the 
capping layer 35' that is used as the ?rst etching mask is 
removed. 

Accordingly, as illustrated in FIG. 11, there is a height 
difference betWeen the portion of the capping layer 35' that is 
used as the ?rst etching mask and the portion of the capping 
layer 35' that is not used as the ?rst etching mask. In this 
situation, When the conductive layer 50 ?lling the opening 
hole is formed and then the node separation of the SAC pad 51 
is performed using a CMP process, the CMP process is per 
formed until the top surface of the capping layer 35' having a 
relatively loW height is exposed. 

HoWever, if the capping layer 35' is used as a CMP end 
point, the CMP process terminates When the CMP end point 
is detected on the capping layer 35' Without primary thickness 
loss. The polished conductive layer 53 remains on the portion 
of the capping layer 35' having a reduced thickness such that 
the node separation is not performed. Accordingly, other 
CMP processes need to be performed for the node separation. 
The degree of the reduced thickness of the capping layer 

35' depends on an etching process that is performed to form 
the opening hole such that it is dif?cult to determine a pol 
ishing amount that Will be used in the other CMP. If control 
ling the other CMP processes to embody a large amount of 
CMP, a thickness of the capping layer 35' is additionally 
removed such that the remaining thickness becomes very 
small. In this case, because of the reduced thickness of the 
remaining capping layer 35', an electrical short can occur 
betWeen conductive layers such as the gate lines 30 and bit 
lines. That is, a shoulder margin reduces substantially. 
On the other hand, it is dif?cult to detect an end point 

during the SAC CMP, and there is actually no method to 
monitor the result after the SAC CMP process. That is, it is 
dif?cult to ?nd a measuring object that can predict a CMP 
amount from the resulting structure after the CMP process. 
On the other hand, the height difference betWeen the cap 

ping layer 35 that is un-etched and the capping layer 35' that 
is etched can cause a local height difference on the resulting 
structure after the CMP process. After the CMP process to 
form the SAC pad, a measurement result according to a com 
parative example is illustrated in FIG. 12. FIG. 12 is a graph 
illustrating a local height difference generated from the com 
parative example of FIG. 11 after a chemical mechanical 
polishing (CMP) process. 

Referring to FIG. 12, the height difference of the surface 
that is scanned from the center of a Wafer is actually identical 
to that of the surface that is scanned from the edge of the 
Wafer. There is a height difference of about 200 A or higher 
betWeen a region 61 having the SAC pad 51, and a region 63 






